Abstract
Introduction
Robots have the potential to improve efficiency of proposed work, safety and convenience of human endeavors. To realize this hidden potential, research in robotics necessarily involves investigation into a broad range of various disciplines [3] . A fundamentally vital discipline is that of motion planning and manipulation. It is important because motion is a primary requirement, which is common to all robots [6] , [12] .
While the fact remains that all robots necessarily move, the actual motion execution is highly dependent on the robot under consideration, the task it fulfils and the constraints it operates under. Therefore, numerous algorithms, concepts and theories have been developed for solving specific classes of motion problems [2] .
The bilateral research collaboration between Institute of Robotics and Mechatronics and KUKA Roboter GmbH at the German Aerospace Center (DLR) leads to the development of KUKA LWR [7] . Due to its remarkable features like programmable active compliance, high payload ratio and torque sensor feedback system, it enables automation engineers and researchers to develop new industrial and service robotic applications. Figure 1 represents the KUKA LWR/ LBR 4+ [25] .
Nowadays, due to rapid increase in production rate, automation plays a vital role in industrial environment [22] . Generally, the robots are often required to pick some object and place it at an exact or different place in working environment [16] where the robots are programmed to follow a path with knowledge of motion planning and manipulation [24] . This entire task is crucial and requires speedy operation with accuracy.
Recently, a very luxuriant literature related to motion planning and manipulation of robots is available. Chettibi et al. have developed a minimum cost trajectory planning path for robot manipulators. By considering dynamic equations of motion as well as bounds on joint positions, jerks, velocities and torques, it contains linking of two points in the operational space while minimizing a cost function [1] . Lars Blackmore et al. have presented an algorithm for robot path planning with obstacles. By using a Disjunctive Program, they are able to use existing constrained optimization methods to generate minimum trajectories. The proposed method plans entirely in the manipulator working area by minimizing the cost of the process of mapping the obstacles from the workspace into the configuration space [2] . John et al. have introduced a general motion planning approach based on evolutionary computation that is suitable for both real-time and offline adaptive motion planning for robots under multiple optimization criteria and manipulator constraints in environments with obstacles having changes not known as a priority. The outcome of testing results demonstrates the effectiveness and efficiency of the approach [3] . Dmitry has described the design of efficient algorithms for special instances of robot motion planning problems and prediction of motion of fluids. The intricate nature of these problems may manifest itself in enhanced computational complexity. The main contribution of this work is a brilliant approach for motion planning problem for multiple tasks distributed in an open space. This algorithm computes the minimum-time frame of robotic motion considering orientation constraints of the robot end-effector during task execution and for a given velocity [4] . Solteiro Pires et al. have presented a multi-aim genetic algorithm based technique to address the problem of a non-trivial optimization in generating manipulator trajectories while considering obstacle avoidance and multiple objectives. Multiple criteria are optimized by considering up to five different objectives. The outcome of simulation is incorporated for robots with two and three degrees of freedom, considering two and five optimizations. A subsequently correct analysis of the spread and solution distribution along with the converged nondominated Pareto front is carried out, in terms of achieved diversity [5] . Günter Schreiber et al. have described the capabilities of interface, the practical realization within the KUKA LWR robotic manipulator control architecture and first application of the real-time interface. In this, the development of the Fast Research Interface for the KUKA Lightweight Robot was carried out by the researchers to provide such an interface [7] . Yanyu Su et al. have introduced a most significant approach to develop a kinematic controller for any serial type of robots using MoveIt! Simulator and PMAC, which is a commercially available product for motion control and also an embedded system to manipulate the motion, amplify signals and acquire sensory information. MoveIt! is a simulation software for kinematics based manipulators [8] . Asad Yousuf et al. have examined ROS based introduction of kinematics for robotic manipulator. ROS implements tool for kinematic transforms, as a unique part for the ROS Core Libraries [9] . Stephen Hart et al. have described a ROS package for quickly programming, adjusting and executing robot applications in RViz environment. This developed package extends the capabilities of RViz interactive markers by allowing an operator to specify grasp poses in object-centric coordinate frames and multiple end-effector waypoint locations and to adjust these waypoints in order to meet the run-time demand of the task [10] . Mathew et al have explained their software architecture and hardware choices, which ensure human loop control of a 28 degree-of-freedom ATLAS humanoid robot over a limited bandwidth link [11] . Philipp et al. have described a Robot Operating System based middleware software framework for the NimbRo-OP. This software provides functionality for visual perception, hardware abstraction and behavior generation [12] . Ioan et al. have developed many state-of-the-art motion planning algorithms. These all algorithms included in an Open Motion Planning Library for sampling based motion planning. The library is designed with minimum input for solving a complex motion planning problems [12] , [14] . Coleman et al. have presented a case study related to the lowering of the barrier of an entry in the MoveIt! framework, which is an open platform tool for a mobile manipulation in ROS. ROS allows user to quickly get basic motion planning functionality with minimal initial setup, automate its configuration and customized components. In short, the developed best practices are summarized into a set of the barrier to entry design principles applicable to the other major robot software packages [15] . Dirk et al. have represented a generalized system for mobile manipulators based automated kitting with focus on de-palletizing task. In order to allow low cycle time, they prepare particularly efficient solution for motion planning and execution as well as object perception [16] . Jorg Stuckler et al. have proposed a system for de-palletizing and localizing objects as well as analysis and verification for found object, which does not differ from the known object modes. Their approach is based on the multi-resolution surfel model [17] .
Stephan et al. have developed a system, which includes RGB-D camera for surveillance of the common working place, an optical distance sensor to control shadowing effects of the RGB-D camera and a laser range finder to detect a co-worker. This ROS software is based on the behavior of the co-worker and predicts collision and path planning [18] . Marsette et al. have developed an open hardware mobile manipulator for teaching robotic software and algorithm that uniquely combines a 3DOF arm and gripper, low and high level processors, portability, a mast-mounted camera and the possibility to be incrementally assembled in different configurations [19] . Rhama Dwiputra et al. have presented the development of a distinct Modelica model for the youBot manipulator. Apart from other robotic simulators Modelica allows the modeling of the manipulator controller and motors [20] . Dereck et al. have implemented a navigation based planner on a Pioneer 3-AT mobile robot using the ROS software library. They updated the existing ROS software to enable functionality and compatibility with Michigan Tech's Pioneer robot [21] .
The research in this project would lead to more efficient and generalized solution to automate the pick and place operation of KUKA robotic arm by using OMPL.
The working hypothesis throughout the paper is that, it is possible to have a generic software framework for robot motion planning and manipulation, which can be configured to solve specific robot motion tasks [5] . The contribution of this paper is the validation of the hypothesis via realization and real--world testing of such a framework. Additionally, the research work also resulted in the development of a software library which can be used by software programs to interact with the framework [8] , [15] .
The main objective of this research work is to manipulate the KUKA robot by feedback of visual information for assisting a shadow hand and Barrett hand to grasp the object. This research work can be further used in the fields of robotics, manufacturing line, material handling systems; food industry and automotive industry for pick and place operation [9] . Figure 2 represents the complete methodology for whole research work. Manual robots teaching using tech pendant is performance wise disadvantageous over automatic robot teaching [3] , [10] . To overcome this issue visual feedback with programming autoa main controller [19] [25] . Figure 3 represents the complete research work. In which the robot gets visual information of object by Microsoft Kinnect RGB-D camera [18] and carries out necessary actions to clasp the object using a shadow hand or Barrett hand. The simulation and manipulation of robot gantry is performed by using C++ and python programming languages. The robot platform and main hub are linked together by using Ethernet [20] .
Methodology

Fig. 2. Methodology of the proposed work
mated control is useful. For this, the simulation version of real robot was made using a URDF architectural file and RViz software package in ROS. Desired movement of robot is achieved by using C++ code, while testing is performed using interactive markers. At the final stage integration of developed software package and the real robot was made.
Hardware Overview
The KUKA (LWR/ LBR 4+) has 7 degrees of freedom with several links and joints. It uses KR C2 lr as 
Software Simulation
A. Simulation of KUKA LWR in Rviz Environment with Interactive Marker
In MoveIt! the set up assists in decrease of motion planning process time, a default self-collision matrix generator algorithm was used to prevent collision of link pairs and helps to disable them safely [22] . These pairs of links are disabled when the links are adjacent
Fig. 5. Generation of Self Collision Matrix
to each other on the kinematic chain or when they are never in collision, always in collision, in collision in the KUKA LWR/ LBR 4+ robot's primary position. The calculation of how many random the KUKA LWR/ LBR 4+ robot positions to check for self collision specifies the sampling density. The lower densities have a higher possibility of disabling pairs that should not be disabled while higher densities require more computational time. The standard value is 10,000 collision checks. Collision checking is done in parallel to decrease processing time [23] . The generation of self collision matrix is shown in Figure 5 .
The motion planning for KUKA LWR robot in MoveIt! [14] , [23] is done by using interactive marker. Start state was the home state of KUKA LWR robot, while final goal state was selected by interactive marker as shown in Figure 6 . Then plan and execution command will be initialized.
B. Simulation of Bilateral KUKA LWR Platform in Rviz
Environment with Interactive Markers Figure 7 represents the motion planning for bilateral KUKA LWR robot platform in MoveIt! In which selection of final goal state is defined by using interactive marker, the command plan and execution was used for movement of arm. For minimum trajectory path selection for arm OMPL (Open motion Planning Library) was used [13] . Figure 8 shows the motion planning and manipulation of bilateral KUKA LWR robot platform in MoveIt! using C++ programming code. For this case there is no need of any RViz command was required i.e. Plan and Execution etc. in which .cpp file with programming code was generated and it was executed by creating launch file in catkin workspace with required dependencies. For minimum trajectory planning for arm, OMPL was used. For this particular application, OMPL uses inverse kinematic solver to design required path. Figure 9 shows the real bilateral KUKA LWR robot movement by following the path of simulated robot in RViz environment [21] using C++ code. Figure 10 shows the representation of axis of rotation for the KUKA robot platform. Figure 11 shows the comparison for Simulated and Real Robot in terms of degrees of rotation of each joint. Table 1 shows the particular translational and rotational axis of bilateral KUKA LWR robot with respect to particular time. It also gives RPY value i.e. rotation of joint along x-axis, y-axis and z-axis, respectively. Table 2 shows the maximum torque for each axis of the robot. 
Results and Discussion
Conclusion
This research work has presented a software package for manipulation and motion planning for real and simulated KUKA LWR/LBR4+ robotic arm. Based on the OMPL suit of MoveIT, KUKA arm gains some advanced features like an effortless way to define couple degrees of freedom and modify the planning accordingly, smooth parameterization for planners, the dynamic simulation and integration with task planner. The validation of the hypothesis via realization and real-world testing of such a framework was carried out.
Although the software framework works satisfactorily and is a sufficient proof for the concept, it has not yet been fully developed. As described in this paper earlier, to perform object detection and localiza-tion using visual feedback, we want to integrate the developed libraries of bilateral KUKA LWR platform with libraries of Microsoft Kinnect camera, Barrett hand and shadow hand. Further, we will plan variety of motions for bilateral KUKA LWR platform like palletizing application in industrial environment [11] [16]. Finally but not limited to, we will use Python programming language to develop graphical user interface for each joint of bilateral KUKA LWR platform [17] .
